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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the solderability, wettability, junction strength and the soldering 
reliability, by a method wherein the two composition base solder made of Sn and Ag or multi component base 
junction material containing Sn, Ag are junctioned with the electrode material without Pb. 
SOLUTION: As for the junction material of two-component base solder made of Sn, Ag of multi component 
base solder containing Sn, Ag and bismuth, an alloy material without Pb as for an electronic part electrode 
material e.g. Sn-bismuth eutectic alloy or another alloy whereto at least one kind of metal selected from a 
group comprising Ag, Cu and In is added or another alloy whereto at least one kind of metal selected from 
another group comprising bithmuth, Cu, and In is added are adopted. Besides, as for the part material, bithmuth 
not exceeding 60 wt.% and residual wt.% of Sn is adopted. However, if exceeding this wt.%, the hard and brittle 
property of bithmuth is to be display, thereby deteriorating the solderability and the wettability. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The electronic-parts electrode material which is an electronic-parts electrode material used when 
using the multicomponent system solder containing the two-component system solder which consists of tin and 
silver as a cementing material or tin, silver, and a bismuth, and is characterized by consisting of an alloy which 
does not contain lead. 

[Claim 2] The electronic-parts electrode material which is an electronic-parts electrode material used when 
using the multicomponent system solder containing the two-component system solder which consists of tin and 
silver as a cementing material or tin, silver, and a bismuth, and is characterized by consisting of an alloy which 
consists of tin of 60 or less % of the weight of a bismuth, and the remainder. 

[Claim 3] The electronic-parts electrode material which is an electronic-parts electrode material used when 
using the multicomponent system solder containing the two-component system solder which consists of tin and 
silver as a cementing material or tin, silver, and a bismuth, and is characterized by consisting of an alloy which 
consists of tin of 3.5 or less % of the weight of the silver and the remainder. 

[Claim 4] It is the electronic-parts electrode material used when using the multicomponent system solder 
containing the two-component system solder which consists of tin and silver as a cementing material or tin, 
silver, and a bismuth. It consists of tin, a bismuth, and at least one sort of metals chosen from the group which 
becomes a list from silver, copper, and an indium. It is the electronic-parts electrode material which the content 
of a bismuth is 58 or less % of the weight, a content is made into 2.0 - 3.5 % of the weight in the case of silver, 
and a content is made into 0.1 - 2.0 % of the weight in the case of copper, and is characterized by consisting of 
an alloy which made the content 0.1 - 5.0 % of the weight, and used the remainder as tin in the case of an 
indium. 

[Claim 5] It is the electronic-parts electrode material used when using the multicomponent system solder 
containing the two-component system solder which consists of tin and silver as a cementing material or tin, 
silver, and a bismuth. It consists of tin, silver, and at least one sort of metals chosen from the group which 
becomes a list from bismuth copper and an indium. A silver content is 1.5 - 3.5 % of the weight, and, in the case 
of a bismuth, a content is made into 3.0 - 10.0 % of the weight. It is the electronic-parts electrode material 
which a content is made into 0.1 - 2.0 % of the weight in the case of copper, and is characterized by consisting 
of an alloy which made the content 0.1 - 10.0 % of the weight, and used the remainder as tin in the case of an 
indium. 

[Claim 6] How to manufacture an electronic-parts electrode from the alloy according to claim 2 or 3 
characterized by forming an electrode with plating or a DIP soldering method of construction. 
[Claim 7] How to manufacture an electronic-parts electrode from the alloy according to claim 4 or 5 
characterized by forming an electrode with a DIP soldering method of construction. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the electronic-parts material for 
electrode which was suitable when lead-free soldering was used as a cementing material, and an electronic- 
parts electrode in more detail about the manufacture approach of an electronic-parts electrode material and an 
electronic-parts electrode. 
[0002] 

[Description of the Prior Art] The miniaturization of electronic parts progresses and, as for the surface mount in 
an electronic-circuitry substrate in recent years, is still higher [ packaging density ]. In connection with it, 
advanced features of a solder ingredient are needed. On the other hand, a soldering joint can also search for 
high-reliability now with enforcement of the Product Liability Law. Moreover, the lead contained in the 
conventional tin-lead system alloy solder is posing a problem from the position of an environmental problem. So, 
for the reason, development of the solder (lead-free soldering) ingredient which does not contain the lead for 
which the solder containing lead can be substituted is needed. With soldering by the lead-free soldering 
ingredient, the ingredient of the electronic-parts electrode which is a part for the joint by the side of electronic 
parts influences soldering quality greatly. Then, the electronic-parts electrode material which can respond to a 
lead free soldered joint ingredient is called for. 

[0003] Below, the example of the conventional electronic-parts electrode material is explained. The conventional 
electronic-parts electrode material consisted of an alloy which consisted of tin and lead according to the 
presentation of the solder which is a cementing material. However, soldering nature and the dependability of 
soldering are not necessarily excellent in soldering by the combination of a lead free cementing material (solder) 
and the conventional electronic-parts electrode material, and this fault appears notably with it in the 
combination of the lead free cementing material and tin containing a bismuth, and the electronic-parts electrode 
material constituted from lead. 
[0004] 

[Problem(s) to be Solved by the Invention] It is going to offer the electronic-parts electronic ingredient whose 
soldering dependability this invention can cancel the above faults in soldering of the electronic-parts electrode 
material which used lead-free soldering, and can improve the soldering nature by lead-free soldering, and can 
also improve. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention as an 
electronic-parts electrode material used when using the multicomponent system solder containing the two- 
component system solder which consists of tin and silver as a cementing material or tin, silver, and a bismuth 
The alloy which added at least one sort of metals chosen from the group which becomes the alloy ingredient 
which does not contain lead, for example, a (Tin Sn)-bismuth (Bi) eutectic alloy, and this from silver (Ag) copper 
(Cu) and an indium (In), Or the alloy which added at least one sort of metals chosen from the group which 
becomes a Sn-Ag eutectic alloy or this from Bi, Cu, and In is used. 
[0006] 

[Embodiment of the Invention] With the 1st gestalt of this invention, the alloy which does not contain lead is 
used as above electronic-parts electrode materials. If the alloy of this 1st gestalt is used, soldering nature and 
soldering dependability can be improved. With the 2nd gestalt of this invention, the alloy which consists of Sn of 
57 - 59% of the weight of Bi and the remainder more preferably is preferably used 50 to 60% of the weight 60 or 
less % of the weight as above electronic-parts electrode materials. If the alloy of this 2nd gestalt is used, 
soldering nature, especially the wettability of a cementing material (solder) and an electronic-parts electrode can 
be improved, and soldering dependability can be improved. 
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[0007] With the 3rd gestalt of this invention, the alloy which consists of tin of 1 .5 - 3.5% of the weight of silver 
and the remainder preferably is used 3.5 or less % of the weight. If the alloy of this 3rd gestalt is used, soldering 
nature and soldering dependability, especially a thermal fatigue property can be improved. 

[0008] It consists of tin, a bismuth, and at least one sort of metals chosen from the group which becomes a list 
from silver, copper, and an indium with the 4th gestalt of this invention. The content of a bismuth is 3.0 - 10 % of 
the weight more preferably 3.0 to 58% of the weight 58 or less % of the weight, and, in the case of silver, it is 2.0 
- 3.5 % of the weight (preferably) about a content. The alloy which it considered as 3.0 - 3.5 % of the weight, the 
content was made into 0.1 - 2.0 % of the weight (preferably 0.3 - 0.7 % of the weight) in the case of copper, and 
the content was made into 0.1 - 5.0 % of the weight (0.5 - 1 .5 % of the weight) in the case of the indium, and 
used the remainder as tin is used. If the alloy of this 4th gestalt is used, soldering nature especially the 
wettability of a cementing material (solder) and an electronic-parts electrode, and bonding strength can be 
improved, and soldering dependability, especially a thermal fatigue property can be improved. 
[0009] With the 5th gestalt of this invention, the alloy which it consisted of tin, silver, and at least one sort of 
metals chosen from the group which becomes a list from bismuth copper and an indium, and a silver content is 
1.5 - 3.5 % of the weight, the content was made into 3.0 - 10.0 % of the weight in the case of the bismuth, the 
content was made into 0.1 - 2.0 % of the weight in the case of copper, and the content was made into 0.1 - 1 0.0 
% of the weight in the case of the indium, and used the remainder as tin is used. If the alloy of this 5th gestalt is 
used, soldering nature, especially bonding strength can be improved, and soldering dependability, especially a 
thermal fatigue property can be improved. 

[0010] The 6th gestalt of this invention is the approach of consisting of forming an electrode with plating or a 
DIP soldering method of construction of manufacturing an electronic-parts electrode from the two-component 
system alloy ingredient of the 2nd or 3rd gestalt of the above of this invention. By the electrode formation 
approach by plating, electrode quality can be stabilized and soldering quality can also be improved. Moreover, by 
the DIP soldering method of construction, compared with a plural system alloy, solder presentation management 
is easy for the above-mentioned two-component system alloy, and it can form an electrode in low cost. 
[0011] The 7th gestalt of this invention is the approach of consisting of forming an electrode with a DIP 
soldering method of construction of manufacturing an electronic-parts electrode from the multicomponent 
system alloy ingredient of the 4th or 5th gestalt of the above of this invention. Using a multicomponent system 
alloy, although that of formation of the electrode by plating is difficult, according to the DIP soldering method of 
construction, an electrode can be easily formed by low cost. 

[0012] Hereafter, the operation gestalt of this invention is explained. First, the reason which limited the 
presentation of an alloy as mentioned above in this invention is explained. If this is exceeded, a property hard [ a 
bismuth ] and weak appears notably, the dependability of soldering will be reduced or making the content of the 
Sn-Bi alloy bismuth of the 2nd gestalt into 60 or less % of the weight will reduce the wettability at the time of 
soldering. If the content of a bismuth is 60 or less % of the weight, the effect of the above soldering on a bismuth 
is small. 

[0013] The content of the Sn-Ag alloy silver of the 3rd gestalt will be made into 3.5 or less % of the weight for 
the melting point's increasing sharply and the needle crystal of Ag-Sn depositing beyond the need, and degrading 
solderability, if this is exceeded. 

[0014] Limiting the amount of the metal (Ag, Cu, In) which adds Sn-Bi-(Ag, Cu, In) alloy Sn-Bi of the 4th gestalt 
to the alloy considered as a basic presentation as mentioned above is based on the following reasons. Although 
Cu improves a mechanical property, the effectiveness is not enough if there are few the additions than 0.1 % of 
the weight. Moreover, since brittleness will appear notably if it adds exceeding 2.0 % of the weight, it is not 
desirable. Although In improves the wettability to the base material of an alloy, and the mechanical property of 
an alloy, in an addition smaller than 0.1 % of the weight, the effectiveness does not show up, but if it adds 
exceeding 5.0 % of the weight, a mechanical strength will deteriorate. Although Ag improves the mechanical 
characteristic of an alloy, the effectiveness is not enough if there are few the additions than 0.1 % of the weight. 
Moreover, since the melting point will become high rapidly if 5.0 % of the weight is exceeded, it is not desirable. 
[0015] Limiting the amount of the metal (Bi, Cu, In) which adds Sn-Ag-(Bi, Cu, In) alloy Sn-Ag of the 5th gestalt 
to the alloy considered as a basic presentation as mentioned above is based on the following reasons. Although 
Bi improves the wettability to the base material of an alloy, if the addition exceeds 10 % of the weight, the 
mechanical property of a Sn-Ag system alloy will deteriorate remarkably. If fewer than 3.0 % of the weight, the 
effectiveness will not exist. Although Cu makes the mechanical property of an alloy improve, the effectiveness is 
not enough if there are few the additions than 0.1 % of the weight. Moreover, since brittleness will appear notably 
if it adds exceeding 2.0 % of the weight, it is not desirable. Although In improves the wettability to the base 
material of an alloy, and the mechanical property of an alloy, in an addition smaller than 0.1 % of the weight, the 
effectiveness does not show up, but if it adds exceeding 10 % of the weight, a mechanical strength will 
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deteriorate. 
[0016] 

[Example] Hereafter, an example is shown and this invention is explained more concretely. The property was 
measured or evaluated as follows among the following examples. 

Wettability wettability was evaluated by measuring the height of the fillet of a soldering part. Dependability 
dependability is a spalling test (ordinary temperature / 5 minutes - 80 degrees C / [ 1 cycle : -40 degrees C / 
30 minutes - ] 30 minutes.). The occurrences of the crack in 1000 cycles estimated. 

Bonding strength bonding strength was evaluated by measuring the peel strength of the lead from an electronic- 
parts electrode. 

[0017] The two-component system alloy which consists of 42 % of the weight of example 1Sn and 58 % of the 
weight of Bi(s) was covered with the DIP soldering method of construction to the electronic-parts electrode, and 
the electronic-parts electrode was formed. The conditions of DIP soldering were 290 degrees C, and immersion 
time amount 1 second whenever [ solder tub internal temperature ]. It soldered to this electronic-parts 
electrode, using Sn-Ag-Bi system solder (Sn:Ag:Bi(weight ratio) =90.5:3.5:6) as a cementing material. The solder 
wettability and dependability (spalling test property) at this time were evaluated. Each result is shown in drawing 
1 and drawing 2 . In addition, the crack occurrences shown in drawing 2 , and the following drawing 4 and drawing 
6 are the crack occurrences per 30 junction numbers. 

[0018] The same procedure as an example 1 was repeated except having used the conventional Sn-Pb system 
solder (Sn:Pb(weight ratio) =63:37) as example of comparison 1 electrode material. A result is shown in drawing 1 
and drawing 2 . From these results, if a Sn-Bi system alloy is used as an electronic-parts electrode material, 
compared with a Sn-Pb system alloy, wettability and dependability will improve clearly. Especially the 
improvement in dependability is remarkable. 

[0019] Except having used the two-component system alloy (example 2) which consists of 66.5 % of the weight 
of Sn, and 3.5 % of the weight of Ag, or the same Sn-Pb system alloy (example 2 of a comparison) as the 
example 1 of a comparison as an example 2 and an example of comparison 2 electronic-parts electrode material, 
the same procedure as an example 1 was repeated, junction was formed, and bonding strength and dependability 
(spalling test property) were evaluated. Each result is shown in drawing 3 and drawing 4 . These results show 
that bonding strength and dependability are improving notably compared with a Sn-Pb system alloy, when a Sn- 
Ag system alloy is used as an electronic-parts electrode material. [0020] Except having used the 
multicomponent system alloy (example 3) which consists of 66.5 % of the weight of Sn, 3.5 % of the weight of Ag, 
0.5 % of the weight of Cu(s), and 1.0 % of the weight of In(s), or the same Sn-Pb system alloy (example 3 of a 
comparison) as the example 1 of a comparison as an example 3 and an example of comparison 3 electronic-parts 
electrode material, the same procedure as an example 1 was repeated, junction was formed, and bonding 
strength and dependability (spalling test property) were evaluated. Each result is shown in drawing 5 and drawing 
6 . From the result of this, if a Sn-Ag system alloy is used as an electronic-parts electrode material, compared 
with a Sn-Pb system alloy, bonding strength and dependability will improve clearly. 

[0021] In addition, although the DIP soldering method of construction covered the alloy in the above-mentioned 
example and the example of a comparison, it can carry out similarly by plating. Furthermore, in the above 
explanation, although the electronic-parts electrode material was described, the alloy of this invention can be 
used also as the surface coating ingredient of an electronic-parts lead, and covering material of the land of the 
circuit board. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing which compares wettability between the two-component system alloy (example 1) which 
consists of 42 % of the weight of Sn which is the electronic-parts electrode material of this invention, and 58 % 
of the weight of Bi(s), and the conventional alloy ingredient. 

[Drawing 2] Drawing which compares dependability between the two-component system alloy (example 1) which 
consists of 42 % of the weight of Sn which is the electronic-parts electrode material of this invention, and 58 % 
of the weight of Bi(s), and the conventional alloy ingredient. 

[Drawing 3] Drawing which measures bonding strength between the two-component system alloy (example 2) 
which consists of 96.5 % of the weight of Sn and 3.5 % of the weight of Ag which is the electronic-parts 
electrode material of this invention, and the conventional alloy ingredient. 

[Drawing 4] Drawing which compares dependability between the two-component system alloy (example 2) which 
consists of 96.5 % of the weight of Sn and 3.5 % of the weight of Ag which is the electronic-parts electrode 
material of this invention, and the conventional alloy ingredient. 

[Drawing 5] 96.5 % of the weight of Sn which is the electronic-parts electrode material of this invention, drawing 
which measures bonding strength with 3.5 % of the weight of Ag between the multicomponent system alloy which 
added Cu and In, and the conventional alloy ingredient. 

[Drawing 6] 96.5 % of the weight of Sn which is the electronic-parts electrode material of this invention, drawing 
which compares dependability with 3.5 % of the weight of Ag between the multicomponent system alloy which 
added Cu and In, and the conventional alloy ingredient. 
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